The total phenolic content and antioxidant activity of methanolic, ethanolic and aqueous extracts of myrtle (Myrtus communis) leaves and berries were measured to find new potential sources of natural antioxidants. Total phenolic content was assessed by the Folin-Ciocalteau assay, while the antioxidant activity was evaluated by three methods: diphenyl-1-picrylhydrazyl (DPPH) radical scavenging capacity assay, the reducing antioxidant power assay and β-carotene linoleic acid assay. The total phenol content of myrtle extracts ranged between 9.0 and 35.6 mg GAE per g extract. For each solvent, leaf extracts contained significantly higher amount of total phenolic compounds than berry extracts. All of the extracts presented antioxidant capacity assessed by the three methods, but at different levels depending on the concentration, the extraction solvent and the part of the plant used. Generally, leaf extracts showed higher antioxidant activities than berry extracts, while the overall antioxidant strength was in the order methanol > water > ethanol in leaf extracts and methanol > ethanol >water in berry extracts. The phenolic content exhibited a positive correlation with the antioxidant activity: DPPH assay showed the highest correlation (r = 0.949), followed by the reducing power assay (r = 0.914) and the lowest for the β-carotene linoleic acid assay (r = 0.722).
Antioxidants are compounds that, when added to food products, especially to lipid and lipid-containing foods, have the ability to increase shelf life by retarding the process of lipid peroxidation, which is one of the major reasons for deterioration of food products during processing and storage [4a] . Synthetic antioxidants, such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and tertbutylhydroquinone (TBHQ) have been widely used as antioxidants in foods. However, concern over the safety of synthetic antioxidants has increased consumers' interest in natural antioxidants. Therefore, there has been great interest in finding natural antioxidants to replace the synthetic ones.
World-wide, there is a growing tendency towards the use of medicinal and aromatic plants as antioxidants in foods [4b] . The antioxidative effect of plants is mainly attributed to the phenolic compounds they contain, including flavonoids, phenolic acids and phenolic diterpenes, which have the ability to scavenge free radicals, donate hydrogen atoms or electrons, and chelate metal cations [4c,4d] . A high correlation has been reported between the antioxidant capacity and total phenol contents of plants [5a] . Besides their antioxidant capacity, phenolic compounds exhibit a wide range of physiological properties, including antiallergenic, antiartherogenic, anti-inflammatory, antimicrobial, antithrombotic, cardioprotective and vasodilatory effects [5b,5c]. Therefore, supplementing a food product with plant phenols may provide health benefits as well. In recent years, medicinal and aromatic plants have been extensively studied for their antioxidant capacities [6a-6d] , which have been evaluated using a variety of techniques [4d,5a,6d,7a] . However, no single assay can be considered as a total antioxidant capacity assay. Rather, evaluation of the total antioxidant capacity requires multiple assays involving reactivity towards both aqueous and lipid/organic radicals directly via radical quenching and radical reducing mechanisms [7a] .
Thus, the objective of this study was to examine the in vitro antioxidant activities of methanol, ethanol and water extracts of leaves and berries of Myrtus communis using three complementary test systems, namely diphenyl-1-picrylhydrazyl (DPPH) radical scavenging capacity assay [7b], reducing power assay [7c] and the β-carotene linoleic acid assay [7d] and to relate the findings to the total phenolic compounds content calculated by the Folin-Ciocalteau assay [7e].
The reduction capability of DPPH radicals was determined by the antioxidant-induced decrease in its absorbance at 517 nm, which is visually noticeable as a discoloration from purple to yellow. This average absorbance was used to calculate the DPPH scavenging capacity. Therefore, DPPH was used as a substrate to evaluate the antioxidative activity of methanol, ethanol and water extracts of M. communis from both leaves and berries at various concentrations (0-250 μg/mL). All the plant extracts were found to be capable of scavenging DPPH radicals. Figure 1a shows the DPPH radical scavenging ability of M. communis leaf extracts. A significant decrease in the concentration of DPPH radical due to the scavenging ability of M. communis extracts and standards was detected. Ascorbic acid and Trolox showed the highest radical scavenging activity at 50 µg/mL (96.9%), while the activity of the methanol, ethanol and water leaf extracts ranged from 46.7 to 49.8%. These extracts showed a concentration-response relationship in their DPPH radical scavenging activity, the activity increasing as the concentration increased. There were no significant differences (P>0.05) in the radical scavenging activity of ascorbic acid, Trolox, and the methanol, ethanol and water leaf extracts at concentrations of 200 and 250 µg/mL. The scavenging effect of the berry extracts and standards is shown in Figure 1b . In this case, the effect of concentration is also evident, but the differences between the extracts (water, ethanol and methanol) are greater. At concentrations of 50 µg/mL, the radical scavenging activity of the methanol extracts (47.1%) was higher than of the ethanol (12.7%) and water extracts (4.2%). At a concentration of 250 µg/mL, the methanol berry extracts showed a stronger (P<0.05) inhibition than both the ethanol and water berry extracts, but similar (P>0.05) to that of Trolox and ascorbic acid. From this assay it is clear that the methanol, ethanol and water leaf extracts and the methanol berry extracts of M. communis showed the highest radical scavenging activity.
In the reducing power assay, the higher the absorbance value the higher the ferric reducing activity of a sample. Figures 2a and 2b show the ferric reducing activity of methanol, ethanol and water extracts from leaves and berries of M. communis, respectively. The reducing ability was measured from the Fe 3+ -Fe 2+ transformation in the presence of the samples. The presence of reducers (i.e. antioxidants) causes the reduction of the Fe 3+/ ferricyanide complex to the ferrous form (Fe 2+ ) monitored at 700 nm [8a] . As in the case of the DPPH radical scavenging activity, the reducing power of methanol, ethanol and water extracts was concentration-dependent. The water leaf extracts showed the strongest reducing power, and was even more effective than BHT at some concentrations (250 and 500 µg/mL). Methanol leaf extracts also showed strong activity.
In the case of berry extracts, the reducing power of the methanol extracts was the highest (P<0.05) (Figure 2b) . At concentrations of 500 and 1000 µg/mL there were no differences (P>0.05) in the reducing power of methanol berry extracts and BHT. Ethanol berry extracts showed higher (P<0.05) reducing power than the equivalent water extracts at all the concentrations assayed. This variation in reducing activity may be due to the physiological variability of leaf and berry composition of M. communis and to the availability of different phytochemicals in these plants.
The antioxidant activities of the extracts determined by the carotene linoleic model system were also assayed. In this system β-carotene undergoes rapid discoloration in the absence of an antioxidant because of the coupled oxidation of β-carotene and linoleic acid, which generates free radicals. The linoleic acid free radical (formed upon the withdrawal of a hydrogen atom from one of its diallylic methylene groups) attacks the highly unsaturated β-carotene molecules. As a result, β-carotene is oxidised and partly broken down; subsequently the system loses its chromophore and a characteristic orange color is produced, which can be monitored spectrophotometrically. The addition of an antioxidant delays β-carotene bleaching, and, in the present assay, all the extracts at 2g/L showed good ability in this respect. The most effective were the methanol leaf and berry extracts (94.0% and 91.1%, respectively) whose antioxidant activity was only slightly lower (P<0.05) than that of BHT (96.0%), followed by the water leaf (87.4%), ethanol leaf and berry (86.5% and 83.2%, respectively) and water berry (74.8%) extracts.
Total phenol assay by Folin-Ciocalteau reagent has been extensively used to measure the total phenolics content in plant materials for many years. This assay is based on electron transfer reaction and actually measures a sample's reducing capacity [7a] . It is therefore accepted as a routine assay for the rough estimation of the antioxidant capacity of food samples [8b] . The total phenol content of myrtle extracts ranged between 9.0 and 35.6 mg GAE per g extract (Table 1) . 10, 11] .
As a conclusion, the results obtained in this study clearly demonstrate that M. communis can be considered a valuable source of natural antioxidant and probably suitable for use in the food industry. The methanol and water extracts of leaves analyzed by DPPH, reducing power and the β-carotene assays show the highest antioxidant capacity. Good correlation between total phenols content and the DPPH, β-carotene and reducing power assays also support the idea that phenols may be the principal contributors to the antioxidant power of M. communis. However, the exact composition responsible for the antioxidant activities of its extracts is currently unclear and further research should attempt to isolate and identify the compounds in the extracts. In addition, in vivo safety needs to be thoroughly investigated in experimental rodent models prior to possible application. 
Experimental

Preparation of extracts:
Dried powders of leaves and berries from M. communis were extracted with different solvents (methanol, ethanol and water). For methanolic and ethanolic extraction, a 25 g aliquot of each dried sample was extracted using 100 mL of methanol or ethanol, respectively at room temperature for 7 days. For aqueous extraction, a 25 g aliquot of each dried sample was extracted using 100 mL of boiling water for 15 min using a water bath. Two extraction replicates of each solvent were prepared for each plant sample. The extracts were filtered through a filter paper (Whatman #1) and the solvents were eliminated using a rotary evaporator to obtain a dry extract. The extracts were stored at -20°C until use.
Determination of total phenolic content:
The concentration of total phenols in extracts was measured by UV spectrophotometry, based on a colorimetric oxidation/reduction reaction. The oxidizing agent used was Folin-Ciocalteu reagent [7e]. To 0.5 mL of diluted extract (100 µg dry extract/ mL solvent), 2.5 mL of Folin-Ciocalteu reagent (diluted 10 times with water) was added and, after that (within a time interval from 0.5 to 8 min), 2 mL of Na 2 CO 3 (75 g/L) was added. The sample was incubated for 5 min at 50ºC and then cooled. For a control sample, 0.5 mL of distilled water was used. The absorbance of the resulting blue-colored solutions was measured at 760 nm. Quantitative measurements were performed, based on a standard calibration curve of gallic acid in methanol. The mean ± standard deviations of triplicate analyses were expressed as gallic acid equivalents (GAE) in mg/g of dry-material.
Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging capacity assay:
The free radical scavenging activity of different leaf and berry extracts of M. communis was measured by DPPH assay following the method of Blois [7b]. Briefly, 0.1 mM solution of DPPH in methanol was prepared and 1 mL of this solution was added to 3 mL of plant extract. After incubation in the dark at room temperature for 15 min, absorbance of the solutions was measured at 517 nm against blank samples. Lower absorbance of the reaction mixture indicated higher free radical scavenging activity. The radicalscavenging activity (RSA) was calculated as a percentage of DPPH discoloration, using the equation:
Where A DPPH is the absorbance value of the DPPH blank sample, and A Extr is the absorbance value of the test solution. Trolox and ascorbic acid were used as standards. The assays were carried out in triplicate and the results are expressed as mean values ± standard deviations.
Reducing power assay:
The reducing power of the M. communis extracts was determined according to the method of Oyaizu [7c]. Briefly, various concentrations of Myrtus extracts were mixed with 2.5 mL of 200 mmol/L sodium phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium ferricyanide. The mixture was incubated in a water bath at 50°C for 20 min. Then, 2.5 mL of 10% trichloroacetic acid (w/v) was added, and the mixture was centrifuged at 650 rpm for 10 min. The upper layer (2.5 mL) was mixed with 2.5 mL deionised water and 0.5 mL of 0.1% of ferric chloride (w/v), and the absorbance was measured at 700 nm: higher absorbance indicates higher reducing power. The assays were carried out in triplicate and the results are expressed as mean values ± standard deviations. BHT was used as standard.
β-Carotene linoleic acid system assay: In this assay, antioxidant capacity is determined by measuring the inhibition of the volatile organic compounds and the conjugated diene hydroperoxides arising from linoleic acid oxidation [7d] . A stock solution of β-carotene linoleic acid mixture was prepared as follows: 0.5 mg β-carotene was dissolved in 1 mL of chloroform (HPLC grade), and 25 µL of linoleic acid and 200 mg of Tween 40 were added. The chloroform was removed using a rotary vacuum evaporator. Then, 100 mL of distilled water was added to the residue with vigorous shaking to form an emulsion. A test sample (350 µL of the extracts, prepared at 2 g/L concentration) was mixed with 2.5 mL of this emulsion. The reaction mixture was incubated at room temperature for 48 h for autooxidation, and then the absorbance was measured at 490 mm. Deionized water (for water extracts), methanol (for methanol extracts) and ethanol (for ethanol extracts) instead of test sample were used as controls. The same procedure was repeated with BHT as positive control. Relative antioxidant activities (RAA%) of the extracts were compared with those of BHT. The assays were carried out in triplicate and the results are expressed as mean values ± standard deviations Statistical analysis: The statistical analysis was performed by a one-way ANOVA analysis of variance followed by Duncan's test, and results were considered to be statistically significant with a 95% confidence level (P<0.05). Relationships between DPPH, reducing power and β-carotene assays and phenolic content were analyzed using correlation and regression analysis (P<0.05) in the EXCEL program (Microsoft Inc., Redmond, Washington, USA) 
